Introduction
promotes growth of animals (Daughaday and Rotwein, 1989) . IGF-I circulates in the blood at a IGFBP-1a and -1b and showed that both subtypes were induced under osmotic stress, appears to vary depending on species, stages, salinity and duration (Reinecke et al., 2010;  system installed with a portable upper filter system. Fish were fed daily on a commercial diet 150 (Marubeni Nisshin Feed Co. Ltd., Tokyo, Japan) to satiety. Three days after transfer, fish were 151 divided into two groups: FW and SW groups. SW group was acclimated to full-strength (33 ppt) 152 artificial SW (Marine Salt Pro; Spectrum Brands Inc., Tokyo, Japan) by increasing the salinity 153 stepwisely over 5 days (6.6 ppt/day). Salnity was monitored by using a salinity meter 154 (MotherTool, Nagano, Japan). They were transferred to four SW tanks and acclimated for 2 155 additional days. No mortality occurred during SW transfer. FW group was transferred to four 156 FW tanks and acclimated for 2 days. Fish were fed during the acclimation/transfer period. Each acclimated to artificial SW were lightly anesthetized using 2-phenoxyethanol (approximately group was fasted throughout the experimental period. SW was not replaced during the 181 experiment. The experiment was carried out in accordance with the guideline of the Hokkaido 182 University Animal Care and Use Committee. FL and BW of all fish were measured at the 183 beginning of the experiment and 10 days after treatment. Condition factor (K) was calculated as 184 follows: (BW (g)) x 1000/(FL (cm)) 3 . Specific growth rate (SGR) was calculated as follows: 185 SGR (%/day) = ln (s 2 -s 1 ) × (d 2 -d 1 ) -1 × 100, where s 2 is length or weight on day 1 and d 2 -d 1 is 186 the number of days among measurements. On day 10, fish from each treatment (Fed: n = 25,
187
Fasted n = 24) were sampled for blood, liver and muscle as described above. Prior to the assay, serum IGF-I was extracted with an acid-ethanol as described in Shimizu et al. (2000) . IGF-I was quantified by TR-FIA based on the method described in Small and Peterson Sequences of primers for qPCR of igf-1, igfbp-1a, igfbp-1b and ef-1α were the same as 224 described in Kawaguchi et al. (2013) . Reverse transcribed-PCRs using these primers were 225 performed to prepare assay standards for chum salmon. PCR products run on 1.5% agarose gel 226 were excised and purified using QIAEX II Gel Extraction Kit (Qiagen, Valencia, CA, USA).
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Copy numbers of the purified amplicon were calculated from the molecular weight of the 228 amplion and concentration. The standard cDNA were serially diluted from 1 x 10 7 to 3 x 10 2 229 copies.
230
qPCR was set up using Power SYBR Green PCR Master Mix (Applied Biosystems,
231
Carlsbad, CA, USA) in a reaction volume of 20 µl with primer concentration of 100 nM. qPCR 232 was run on a 7300 Sequence Detector (Applied Biosystems) using the manufacturer's 233 recommended cycling conditions: 50°C for 2 min, 95°C for 10 min followed by 40 cycles at 234 95°C for 15 se and 60°C for 1 min. Measured values were normalized to those of ef-1α.
values. In order to avoid anchor effects, the SGR data were first categorized into high, med and 248 low, and eight samples were randomly selected from each category to analyze relationships 249 between growth rate and the endocrine/biochemical parameters by simple linear regression. Average FL, BW and K of each treatment are shown in Table 1 . There were no effects of SW 256 transfer for 1 week on FL, BW and K. Gill NKA activity was lower in fish in FW ( Fig. 1 ). There 257 was no effect of SW transfer on serum IGF-I (Fig. 2 ). SW transfer had no effect on liver 258 RNA/DNA ratio whereas muscle RNA/DNA was higher in fish in SW ( Fig. 3a,b ). Both liver 259 and muscle igf-1 were not affected by SW transfer (Fig. 3c,d ). Liver igfbp-1a levels were not 260 influenced by SW transfer but those in the muscle significantly increased 1 week after SW 261 transfer ( Fig. 4a,b ). There was no effect of SW transfer on liver igfbp-1b (Fig4c).
263
3.2. Combined effects of salinity and fasting 264 265 FL, BW and K were reduced by fasting for 2 weeks in both salinities (Table 1 ). There were 266 overall effects of salinity and fasting on gill NKA activity, and fasting for 2 weeks significantly 267 reduced the activity in both salinities ( Fig. 5 ). Serum IGF-I levels were reduced by fasting in 268 both salinities and there was no interaction with salinity ( Fig. 6 ). In addition, serum IGF-I levels 269 in SW-Fed fish was higher than those in FW-Fed fish (Fig. 6 ). Liver RNA/DNA was reduced by 270 fasting and prolonged fasting further reduced it in SW fish (Fig. 7a ). In contrast, the effect of 271 fasting on muscle RNA/DNA was found only in fish in SW after 2 weeks ( Fig. 7b ). There were 272 overall effects of fasting to reduce liver and muscle igf-1 (Fig. 7c,d) . However, fasting effect on 273 liver igf-1 was seen in 1 week while it took 2 weeks of fasting to see the reduction of muscle in 1 week in SW group (Fig. 8c ). 
298
Chum salmon juveniles experience changes in salinity and food availability during their 299 seaward migration. The general belief is that growth soon after sea entry is key for their survival 300 (Bax, 1983; Fukuwaka and Suzuki, 2002; Wertheimer and Thrower, 2007) . The present study 301 examined effects of SW transfer and fasting on IGF-I/igf-1 and igfbp-1s in order to analyze 302 environmental modulation of the IGF/IGFBP system in chum salmon as well as assess their 303 utility as growth indices.
304
Chum salmon is an obligatory anadromous species migrating to the sea in their first 305 spring at fry/juvenile stage often weighing less than 1 g. This species is unique in terms of acquiring high hypo-osmoregulatory ability soon after yolk absorption and maintaining it for one hand, no studies examined effect of salinity on tissue igfbp-1. In the present study using These responses may be adjustment by the muscle to different salinity rather than stress 345 response. Specific role of IGFBP-1a in the muscle during the early phase of SW adaptation is a 346 subject of future research.
347
High activity of branchial NKA is essential for salmon to maintain the internal 348 osmolarity and ion balance in SW. As in its name, NKA consumes ATP to extrude sodium ions 
355
Circulating IGF-I has been shown to be sensitive to changes in nutritional input. juvenile chum salmon to fasting is consistent with the previous studies. It is worth noting that 362 IGF-I levels in SW-Fed fish were higher than those in FW-Fed fish 3 weeks after transfer, 363 suggesting that activation of the somatotropic axis in SW.
364
The liver is the major site of production of circulating IGF-I while virtually all 365 tissues express igf-1. Responses of igf-1 in the liver and muscle to fasting have been compared 366 in several fish species. In rainbow trout and channel catfish (Ictalurus punctatus), fasting for 30 367 days reduced both liver and muscle igf-1 and refeeding for 15 days was enough to restore its 368 levels (Gabillard et al., 2006; Peterson and Waldbieser, 2009 ). On the other hand, a higher 369 sensitivity of muscle igf-1 to fasting than liver igf-1 has been reported in Mozambique tilapia 370 (Oreochromis mossambicus), yellowtail (Seriola quinqueradiata) and a cichlid fish 371 (Cichlasoma dimerus) (Fox et al., 2010; Fukada et al., 2012; Delgadin et al., 2015) , suggesting igf-1 in growth regulation since the mRNA level is a reflection of the balance between to fasting appears to vary depending on species, stage and conditions. Salinity doesn't seem to significant difference in muscle igf-1 levels between FW-Fed and SW-Fed groups.
382
The present study compared the responses of liver and muscle igfbp-1a to fasting as well as those between igfbp-1a and -1b in the liver. Fasting fish usually causes an increase in genome-wide transcriptional regulation in fast muscle of zebrafish following a Table 2 Correlation coefficients (r) between endocrine/biochemical parameters and growth parameters 
Figure legends
647
Groups sharing the same letter or those without letter are not significantly different. Supplemental Table 1 Growth parameters of juvenile chum salmon from fasting experiment in SW
